Introduction {#Sec1}
============

The high cost of healthcare utilization impacts health systems worldwide. In the context of improving healthcare system sustainability, there is a growing focus around a subset of individuals referred to as high-cost users (HCUs) who disproportionately incur a higher morbidity and thus a greater proportion of healthcare utilization costs when compared to their counterparts (Fitzpatrick et al. [@CR11]; Rosella et al. [@CR28]; Wodchis et al. [@CR36]; Canadian Institute for Health Information [@CR7]; Berk and Monheit [@CR4]; Berk and Monheit [@CR5]; Lemstra et al. [@CR15]; Calver et al. [@CR6]; Heslop et al. [@CR12]; Radcliff et al. [@CR23]; Reid et al. [@CR25]; Rais et al. [@CR24]; Roos et al. [@CR27]; Roos et al. [@CR26]; Kephart et al. [@CR13]). Specifically, the top 5% of HCUs have been shown to account for virtually 50% of healthcare expenditures in both Canada and the US (Wodchis et al. [@CR36]; Reid et al. [@CR25]; Roos et al. [@CR26]; Agency for Healthcare Research and Quality [@CR1]; Ontario Association of Community Care Access Centres, Ontario Federation of Community Mental Health and Addiction Programs, & Ontario Hospital Association [@CR21]).

To date, no study has explicitly focused on health behaviours and high-cost utilization, although several studies aimed at describing the characteristics of current HCUs have found that this subset of the population is typically older, often suffers from multiple chronic conditions, has lower socio-economic status, as well as engages in a number of risky health behaviours, such as smoking and physical inactivity (Fitzpatrick et al. [@CR11]; Rosella et al. [@CR28]; Wodchis et al. [@CR36]). Among HCUs, chronic disease, infections and acute health events have been found to be a precursor to hospital admission, and about one third of HCUs remain an HCU in subsequent years (Wodchis et al. [@CR36]). Recent studies have identified behavioural risk factors associated with hospitalization, prolonged hospital use and high-cost utilization (Rosella et al. [@CR28]; Manuel et al. [@CR19]; Manuel et al. [@CR18]). Previous work has shown that 22% of health-related expenditures in Ontario are attributable to health behaviour risk factors such as physical inactivity and smoking, amounting to \$4.9 billion in healthcare spending that could be prevented through the adoption of healthy behaviours (Manuel et al. [@CR18]). Health behaviours seldom occur in isolation; however, research is limited on the impact that cumulative risky health behaviours have on perpetuating downstream high-cost utilization.

To inform public health policy and practice, an understanding of the upstream determinants that drive high healthcare utilization will help to inform appropriate preventive strategies for those who are on an HCU trajectory. Thus, the aim of this study was to utilize linked population and health administrative data from Ontario, Canada, to examine the effects of health behavioural risk factors on future HCU status.

Methods {#Sec2}
=======

Data sources {#Sec3}
------------

We conducted a retrospective cohort study of participants from three cycles of the Canadian Community Health Survey (CCHS) linked with population-based health administrative data from Ontario, Canada. Specifically, the cohort was composed of participants of CCHS cycle 3.1 (2005), cycle 4.1 (2007--2008) and cycle 5.1 (2009--2010). The CCHS is a cross-sectional survey administered by Statistics Canada that uses multi-stage sampling to collect demographic, socio-economic, health status and behavioural information from Canadians aged 12 years and older living in private dwellings. Comprehensive survey methodology for the CCHS is described elsewhere (Statistics Canada [@CR31]).

The Ontario Health Insurance Plan (OHIP) represents Ontario's universal single-payer healthcare system, from which all healthcare-related encounters are recorded in health administrative databases. Annual healthcare spending was calculated using administrative data from all major sources of healthcare expenditures, including: physician services, inpatient hospitalizations, complex continuing care, emergency department visits, long-term care, prescriptions filled for those eligible for the Ontario Drug Benefit (ODB) program, home care, same-day surgery, inpatient rehabilitation, inpatient mental health, dialysis, oncology, outpatient services and non-physician services. To calculate valid healthcare spending costs, a person-centered costing methodology designed specifically for the Ontario population was utilized (Wodchis et al. [@CR35]). Annual per-person costs for each of the 4 years following CCHS interview were calculated and ranked according to cost percentile. Costs were stratified according to HCU status and health behaviour risks (i.e., current smoker, physically inactive, very poor diet and binge drinking).

Participants were excluded if they could not be linked to administrative data (e.g., were not found in the Registered Persons Database), did not have a valid Ontario health card number during the observation window, were determined to be an HCU within 1 year of the CCHS interview date (i.e., the baseline year) or were less than 18 years of age. Only the first cycle of CCHS data was used for participants that appeared in multiple cycles.

Outcome variable {#Sec4}
----------------

Our outcome of interest was high-cost user (HCU) status 4 years following CCHS interview date. HCUs were defined as the persons in the top 5% of total annual healthcare utilization expenditures.

Independent variables {#Sec5}
---------------------

Variable selection was guided by the Anderson-Newman Framework, a theoretical framework that articulates utilization based on predisposing factors, enabling factors and illness level (Andersen and Newman [@CR2]).

Using a 2-year look back from CCHS interview date, prior utilization and comorbidity were captured according to Johns Hopkins Aggregated Diagnosis Groups (ADGs) version 10.0.1, a measure previously validated in the Ontario population (Austin et al. [@CR3]).

Individual-level demographic, socio-economic and behavioural characteristics were attained from the CCHS. The cumulative effect of health behaviour risks was estimated by calculating the sum of the following health behavioural risk factors: current smoking (daily or occasional \< 100 cigarettes in lifetime), binge drinking (≥ 5 drinks/occasion) in the last year, physical inactivity (average daily energy expenditure \< 1.5 kcal/kg/day) and very poor diet (index score 0 to \< 2). Diet is a point-based index (range: 0--10) derived from self-reported consumption of fruit and vegetables that has been previously validated for use (Manuel et al. [@CR19]; Manuel [@CR17]). Starting with 2 points per person, individuals receive points for each average daily serving of fruits and vegetables consumed. Two points were deducted for any of the following: high potato consumption, no carrot consumption, or excessive juice consumption, with negative final scores recorded as zero (Manuel et al. [@CR19]).

Statistical analysis {#Sec6}
--------------------

To account for the complexity of the CCHS survey design, ensure representative population estimates and account for survey non-response bias, Statistics Canada bootstrap survey weights were incorporated into the analysis using a pooled approach (Thomas and Wannell [@CR32]). Approximately 83.6% of CCHS respondents were successfully linked to administrative data. Baseline descriptive statistics were calculated for HCUs (top 5%), non-HCUs (bottom 95%) and for the cohort overall. Logistic models were developed for 4-year trajectories among baseline non-HCUs to investigate associations between health behaviours according to unadjusted, age-sex-adjusted, age-sex-income adjusted and models adjusted for collapsed aggregated diagnostic groups (ADG)-age-sex and income. All analyses were conducted using SAS Enterprise version 9.4.

Ethics approval {#Sec7}
---------------

The study received ethics approval from the Research Ethics Board at the University of Toronto.

Results {#Sec8}
=======

Sample characteristics {#Sec9}
----------------------

Table [1](#Tab1){ref-type="table"} shows the baseline weighted distribution of socio-demographic characteristics for the sample. The sample included 87,338 adults aged 18 years or older, of whom 8.56% were classified as being HCUs at any point during the 4 years following CCHS interview. Compared to non-HCUs, HCUs were significantly more likely to be older, have lower household income, be overweight or obese and self-report low life stress. Relative to non-HCUs, a significantly greater proportion of HCUs reported being physically inactive and were less likely to report engaging in current smoking, binge drinking, poor diet and multiple risky health behaviours in the past year.Table 1Weighted distribution of demographic, socio-economic, health status and health behavioural characteristics among Ontario adults\*CharacteristicOverall % (95% CI)HCU (top 5%) (95% CI)Non-HCU (95% CI)*p* valueTotal population*N* = 87,338*N* = 7476*N* = 79,862Socio-economics Sex0.1555  Female51.1% (51.0--51.3)49.7% (47.6--51.7)51.2% (51.1--51.4) Age (years)\< 0.0001  ≤ 3021.6% (21.4--21.7)3.8% (3.0--4.6)22.7% (22.5--22.8)  30--3918.0% (17.6--18.3)3.7% (3.0--4.4)18.9% (18.5--19.3)  40--4921.7% (21.1--22.3)10.2% (8.5--11.8)22.4% (21.8--23.0)  50--5917.4% (17.0--17.8)17.4% (15.6--19.2)17.4% (17.0--17.8)  60--6911.6% (11.3--11.9)24.2% (22.5--25.8)10.8% (10.5--11.2)  70--796.7% (6.6--6.9)22.8% (21.3--24.2)5.8% (5.6--5.9)  ≥ 803.0% (2.9--3.1)18% (16.7--19.4)2.1% (1.9--2.2) Household income quintile (Equivalized)\< 0.0001  Quintile 1 (lowest 20%)19.2% (18.7--19.8)32.6% (30.5--34.6)19.2% (18.7--19.8)  Quintile 219.3% (18.8--19.8)24.2% (22.2--26.2)19.3% (18.8--19.8)  Quintile 320.1% (19.7--20.6)16.6% (15.1--18.1)20.1% (19.7--20.6)  Quintile 420.8% (20.3--21.3)13.8% (12.3--15.2)20.8% (20.3--21.3)  Quintile 5 (highest 20%)20.5% (20.0--21.1)12.9% (11.4--14.4)20.5% (20.0--21.1)Health status Body mass index (kg/m^2^)\< 0.0001  Underweight, BMI \< 18.52.6% (2.4--2.8)2.3% (1.7--2.9)2.6% (2.4--2.8)  Normal weight, BMI 18.5--24.945.5% (44.9--46.1)37.1% (35.1--39.1)46.0% (45.4--46.6)  Overweight, BMI 25--29.934.1% (33.6--34.7)37.6% (35.4--39.8)33.9% (33.3--34.5)  Moderately obese, BMI 30--34.912.0% (11.6--12.4)15.5 (13.9--17.0)11.8% (11.4--12.2)  Very obese, BMI 35--39.93.2% (3.0--3.4)4.8% (3.9--5.7)3.1% (3.0--3.3)  Severely obese, BMI \> 402.5% (2.3--2.7)2.8% (2.2--3.4)2.5% (2.3--2.7)Life stress Low (A bit, not very, none)76.7% (76.2--77.2)79.1% (77.3--80.9)76.5% (76.0--77.0)Health behaviours Smoking status  Never (never smoked a whole cigarette)40.3% (39.7--40.9)33.0% (30.7--35.2)40.8% (40.2--41.4)\< 0.0001  Former (former daily or former occasional)38.2% (37.6--38.8)47.2% (45.2--49.3)37.7% (37.1--38.3)  Current smoker (daily or occasional)21.4% (21.0--21.9)19.8% (18.2--21.4)21.5% (21.1--22.0) Alcohol consumption (past year)  Regular drinker (1 or more drinks per week)20.1% (19.6--20.6)27.6% (25.6--29.7)19.6% (19.2--20.1)\< 0.0001  Occasional drinker (\< 1 drink/month)15.3% (14.9--15.7)19.1% (17.3--20.9)15.1% (14.7--15.5)  Binge drinker (≥ 5 drinks/occasion)41.6% (40.9--42.2)20.0% (18.3--21.6)42.9% (42.3--43.6)  Current non-drinker (no consumption in last 12 months)23.0% (22.4--23.6)33.3% (31.1--35.5)22.4% (21.7--23.0) Daily physical activity  Inactive (\< 1.5 kcal/kg/day)49.8% (49.2--50.4)59.6% (57.4--61.8)49.2% (48.6--49.9)\< 0.0001  Moderately active (1.5 to 2.9 kcal/kg/day)24.6% (24.1--25.1)22.5% (20.8--24.3)24.8% (24.2--25.3)  Active (3.0 kcal/kg/day)25.6% (25.0--26.1)17.9% (16.3--19.5)26.0% (25.5--26.6) Diet  Very poor (index score 0 to \< 2)11.9% (11.5--12.3)10.5% (9.4--11.7)12.0% (11.6--12.4)0.0500  Fair (index score 2 to \< 4)36.4% (35.8--37.0)37.8% (35.9--39.8)36.3% (35.7--36.9)  Adequate (index score 4 to 10)51.7% (51.1--52.2)51.6% (49.5--53.7)51.7% (51.1--52.3) Health behaviour risks  No behavioural risks24.1% (23.6--24.6)29.1% (27.2--30.9)23.8% (23.3--24.3)\< 0.0001  1 behavioural risk44.2% (43.7--44.8)46.5% (44.3--48.7)44.1% (43.5--44.7)  2 behavioural risks22.1% (21.7--22.6)17.7% (16.2--19.2)22.4% (21.9--22.9)  3 behavioural risks8.0% (7.7--8.3)5.7% (4.8--6.5)8.2% (7.8--8.5)  4 behavioural risks1.5% (1.4--1.6)1.1% (0.7--1.5)1.6% (1.4--1.7)\*Weighted using CCHS bootstrap weights to provide population estimates

Distribution of healthcare spending {#Sec10}
-----------------------------------

Table [2](#Tab2){ref-type="table"} presents weighted average per-person costs stratified by risky health behaviours. On average, individuals who reported physical inactivity incurred the highest healthcare costs in both HCUs and non-HCUs, followed by those who reported poor diet, smoking and binge drinking behaviours (Table [2](#Tab2){ref-type="table"}). Comparatively, across all risky behaviours, healthcare costs were about 12 to 16 times higher for HCUs than for non-HCUs. Among those who engaged in risky behaviours, the highest costs incurred by HCUs were linked to inpatient hospitalizations, whereas the highest costs incurred by non-HCUs corresponded to prescription drugs through the Ontario Drug Benefit (ODB) program.Table 2Weighted average per-person expenditure\* stratified by health behavioural risksHealth behavioursCurrent smoker (95% CI)Physically inactive (95% CI)Very poor diet (95% CI)Binge drinker (95% CI)Overall Service type  Physician services\$262 (255--269)\$319 (313--324)\$246 (237--255)\$1831 (1794--1868)  Hospitalizations\$1609 (1441--1776)\$2113 (1972--2254)\$1588 (1293--1882)\$1037 (960--1114)  Complex continuing care\$105 (29--181)\$127 (90--165)\$102 (41--164)\$45 (6--83)  Emergency department\$431 (413--449)\$384 (373--392)\$401 (381--422)\$314 (304--323)  Long-term care\$66 (34--98)\$162 (135--190)\$109 (45--173)\$15 (8--22)  Ontario Drug Benefit (ODB)\$936 (847--1026)\$1317 (1253--1380)\$1039 (908--1171)\$382 (342--421)  Home care\$236 (194--277)\$376 (345--406)\$230 (190--271)\$100 (88--113)  Same-day surgery\$353 (334--372)\$423 (407--439)\$354 (324--385)\$306 (293--320)  Rehabilitation\$63 (41--84)\$119 (100--139)\$83 (54--113)\$39 (22--57)  Non-physician services\$25 (23--28)\$58 (55--62)\$35 (30--39)\$19 (18--21)  All services\$6859 (6515--7202)\$8932 (8537--9328)\$6835 (6346--7324)\$4653 (4482--4824)Top 5% high-cost users Service type  Physician services\$362 (331--393)\$510 (484--536)\$405 (346--464)\$10,041 (9439--10,643)  Hospitalizations\$20,507 (17,888--23,125)\$22,591 (20,883--24,299)\$22,300 (17,126--27,473)\$21,000 (19,015--22,985)  Complex continuing care\$1945 (540--3351)\$1896 (1340-2542)\$2089 (836--3341)\$1580 (231--2929)  Emergency department\$1762 (1617--1907)\$1664 (1582--1746)\$1609 (1468--1749)\$1449 (1342--1558)  Long-term care\$1222 (631--1814)\$2401 (1986--2816)\$2189 (889--3489)\$530 (276--785)  Ontario Drug Benefit (ODB)\$6536 (5472--7601)\$7151 (6518--7783)\$7247 (5767--8726)\$2266 (2156--6689)  Home care\$2787 (2155--3420)\$8190 (6042--10,338)\$2827 (2208--3446)\$2002 (1656--2348)  Same-day surgery\$1338 (1162--1514)\$1369 (1253--1485)\$1530 (1252--1809)\$1639 (1445--1833)  Rehabilitation\$1150 (757--1543)\$1775 (1483--2066)\$1696 (1112--2279)\$1370 (769--1972)  Non-physician services\$105 (73--136)\$260 (233--287)\$203 (128--279)\$99 (79--118)  All services\$54,927 (51,208--58,646)\$61,753 (57,053--66,454)\$57,050 (50,388--63,712)\$52,039 (48,572--55,507)Non high-cost users Service type  Physician services\$256 (249--263)\$305 (299--311)\$238 (229--247)\$1591 (1555--1627)  Hospitalizations\$533 (497--568)\$642 (611--673)\$522 (471--574)\$454 (428--479)  Complex continuing care\$0--\$0--\$0--\$0--  Emergency department\$355 (340--370)\$292 (284--301)\$339 (320--358)\$208 (272--289)  Long-term care\$0--\$1 (0--2)\$2 (0--5)\$0--  Ontario Drug Benefit (ODB)\$618 (553--682)\$897 (853--942)\$720 (610--830)\$262 (232--293)  Home care\$90 (75--106)\$125 (111--139)\$97 (72--121)\$45 (38--51)  Same-day surgery\$297 (280--313)\$355 (340--370)\$294 (267--321)\$268 (256--280)  Rehabilitation\$0--\$0--\$0--\$0--  Non-physician services\$21 (19--23)\$44 (41--47)\$26 (23--29)\$17 (16--19)  All services\$4122 (3985--4258)\$5137 (5035--5240)\$4252 (4048--4456)\$3268 (3190--3347)\*Expenditure calculated in Canadian dollars (\$CAD) for each of the 4 years following CCHS interview

Odds of high-cost user status {#Sec11}
-----------------------------

Table [3](#Tab3){ref-type="table"} presents unadjusted and adjusted logistic models examining the odds of becoming an HCU in the 4 years following a CCHS interview based on the selected health behaviour indicators.Table 3Weighted unadjusted and adjusted odds of being a high-cost user (top 5%) in 4 years post CCHS interviewCharacteristicOdds of being an HCU (top 5%)Unadjusted (95% CI)Age-sex-adjusted (95% CI)Age-sex-income-adjusted (95% CI)Fully-adjusted\* (95% CI)*p* valueSmoking status\< 0.0001 Never (never smoked a whole cigarette)ref ((Fitzpatrick et al. [@CR11]).00)ref ((Fitzpatrick et al. [@CR11]).00)ref ((Fitzpatrick et al. [@CR11]).00)ref ((Fitzpatrick et al. [@CR11]).00) Former (former daily or former occasional)1.55 (1.39--1.72)1.15 (1.02--1.30)1.19 (1.04--1.36)1.12 (0.98--1.28) Current smoker (daily or occasional)1.14 (0.99--1.29)1.67 (1.43--1.95)1.63 (1.37--1.95)1.61 (1.35--1.92)Alcohol consumption (past year)0.0741 Regular drinker (1 or more drinks per week)ref ((Fitzpatrick et al. [@CR11]).00)ref ((Fitzpatrick et al. [@CR11]).00)ref ((Fitzpatrick et al. [@CR11]).00)ref ((Fitzpatrick et al. [@CR11]).00) Occasional drinker (\< 1 drink/month)0.89 (0.78--1.04)1.29 (1.19--1.53)1.13 (0.96--1.35)1.12 (0.93--1.33) Binge drinker (≥ 5 drinks/occasion)0.33 (0.29--0.36)0.91 (0.78--1.08)0.86 (0.74--1.07)0.89 (0.76--1.04) Current non-drinker (no consumption in last 12 months)1.06 (0.93--1.20)1.36 (1.19--1.57)1.13 (0.98--1.32)1.09 (0.94--1.25)Physical activity0.0003 Inactive (\< 1.5 kcal/kg/day)1.76 (1.56--1.99)1.42 (1.25--1.61)1.34 (1.17--1.52)1.27 (1.12--1.45) Moderately active (1.5 to 2.9 kcal/kg/day)1.32 (1.16--1.51)1.09 (0.96--1.26)1.08 (0.94--1.24)1.06 (0.92--1.23) Active (3.0 kcal/kg/day)ref ((Fitzpatrick et al. [@CR11]).00)ref ((Fitzpatrick et al. [@CR11]).00)ref ((Fitzpatrick et al. [@CR11]).00)ref ((Fitzpatrick et al. [@CR11]).00)Diet0.2645 Very poor (index score 0 to \< 2)0.87 (0.77--0.99)1.31 (1.13--1.53)1.16 (0.98--1.37)1.13 (0.95--1.34) Fair (index score 2 to \< 4)1.04 (0.95--1.14)1.14 (1.03--1.26)1.09 (0.98--1.22)1.08 (0.97--1.21) Adequate (index score 4 to 10)ref ((Fitzpatrick et al. [@CR11]).00)ref ((Fitzpatrick et al. [@CR11]).00)ref ((Fitzpatrick et al. [@CR11]).00)ref ((Fitzpatrick et al. [@CR11]).00)Health behaviour risks0.0067 1 behavioural risk0.86 (0.78--0.96)1.14 (1.02--1.28)1.10 (0.98--1.24)1.08 (0.96--1.21) 2 behavioural risks0.65 (0.57--0.73)1.33 (1.16--1.53)1.29 (1.11--1.49)1.26 (1.09--1.47) 3 behavioural risks0.57 (0.48--0.68)1.48 (1.22--1.79)1.38 (1.12--1.69)1.37 (1.11--1.69) 4 behavioural risks0.58 (0.39--0.85)1.76 (1.18--2.63)1.29 (0.82--2.04)1.28 (0.81--2.03) No behavioural risksref ((Fitzpatrick et al. [@CR11]).00)ref ((Fitzpatrick et al. [@CR11]).00)ref ((Fitzpatrick et al. [@CR11]).00)ref ((Fitzpatrick et al. [@CR11]).00)\*Model adjusted for age, sex, income and ADGs^aa^Johns Hopkins ADGs are a clinical measure of morbidity

Of the health behaviours examined, unadjusted and adjusted logistic regression models revealed that smoking status and physical inactivity were most strongly associated with high-cost utilization. In the fully adjusted models, the association between being a former smoker and HCU was attenuated, while the strength of association between being a current smoker and HCU increased compared to the unadjusted model (AOR: 1.61; 95% CI: 1.35--1.92; *p* \< 0.0001). The odds of being an HCU were not significantly different for binge drinkers relative to regular drinkers (AOR: 0.89; 95% CI: 0.76--1.04; *p* = 0.1278). Compared to participants who were physically active, respondents who reported being inactive had 27% greater odds of becoming an HCU (AOR: 1.27; 95% CI: 1.12--1.45; *p* = 0.0003). Relative to individuals who consumed an adequate diet, those who consumed a very poor diet had 31% higher odds (AOR: 1.31; 95% CI: 1.13--1.53; *p* = 0.001) of becoming an HCU in the age-sex-adjusted model, though this result was not significant in the fully adjusted model (AOR: 1.13; 95% CI: 0.95--1.34; *p* = 0.2645). Relative to engaging in no risky health behaviours, as the cumulative number of existing health behaviour risks increased, the odds of becoming an HCU also increased. The strongest association was found among individuals with three behavioural risk factors who had a 37% increase in the odds of becoming an HCU (AOR: 1.37; 95% CI: 1.11--1.69; *p* = 0.0034), whereas the association between having four behavioural risk factors and becoming an HCU was not significant in the fully adjusted model (AOR: 1.28; 95% CI: 0.81--2.03; *p* = 0.2869) in the 4 years following CCHS interview.

In the sensitivity analysis, adjusting for Johns Hopkins ADGs using a summarized ADG-score compared to a grouped ADG-adjusted model had little to no effect on the model estimates, suggesting the robustness in both measures when adjusting for aggregated diagnoses in regression modeling.

Discussion {#Sec12}
==========

This longitudinal population-based study quantified the extent to which a range of health behaviours were associated with future HCU status in Ontario. Our findings demonstrate that smoking and physical inactivity are prominent upstream health behaviours linked to the odds of becoming an HCU within 4 years, in alignment with current evidence linking unhealthy behaviours to hospitalization and high-cost healthcare users (Rosella et al. [@CR28]; Manuel et al. [@CR19]; Manuel et al. [@CR18]). Our findings also extend previous research suggesting a cumulative impact of socio-economic position and health behaviours on healthcare use (Manuel et al. [@CR18]). To our knowledge, this study is the first to quantify the impact of cumulative risk behaviours in relation to healthcare utilization among the top 5% of HCUs. Our findings demonstrate a gradient towards an HCU trajectory when accounting for the real-world circumstances in which risk behaviours and social inequities co-exist. While some health behaviours such as smoking and heavy drinking foreshadow future population health and health system-related burden, others such as physical activity and fruit and vegetable consumption are health-promoting behaviours, thus highlighting the value of capturing the cumulative impact.

Our findings revealed that within the 4-year trajectory examined, smoking, physical inactivity and engaging in multiple risky health behaviours were significantly linked to HCU status. Conversely, in the short term, we did not find having an unhealthy diet (measured using fruit and vegetable consumption) or alcohol consumption to be associated with future HCU status. When stratifying per-person health sector expenditures according to health behavioural risks, we demonstrated the highest cost burden related to physical inactivity in both HCUs and non-HCUs, in which HCUs have the highest spending within hospitalization and home care sectors. Health promotion and prevention strategies aimed at reducing the burden of physical inactivity at the population level, which in turn mediate the HCU trajectory, would have a strong impact on the downstream health and health system consequences. Our results coincide with previous research which found that an estimated 53% of healthcare costs (\$47.3 billion) attributable to physical inactivity could be avoided through improved policy and program interventions specifically targeted at physical inactivity within the population (Manuel et al. [@CR18]).

Our findings confirmed that current smoking status is associated with becoming a HCU in subsequent years. Previous research from Ontario has also shown that, compared to non-smokers, heavy smokers have the highest hospital use, some of the highest attributable healthcare costs, a reduced life expectancy by almost 12 years and high risk of premature death (Manuel et al. [@CR19]; Manuel et al. [@CR18]; Manuel [@CR17]). Our findings highlight the continued importance of appropriate tobacco control strategies to curb downstream high-cost healthcare utilization, and the need for public health measures concerning tobacco dependence and cessation for those on an HCU trajectory.

Physical inactivity was found to be associated with future HCU status. Within the literature, physical inactivity has been previously linked to reduced life expectancy and prolonged hospital stay (Manuel et al. [@CR19]; Manuel [@CR17]). Our findings suggest that those on an HCU trajectory may benefit from lifestyle interventions focused on promoting physical activity.

The relative impact of diet on HCU status was attenuated in models adjusted for income and CADGs, though prior research has found that food insecurity, a factor linked to diet, increased the odds of future HCU status (Fitzpatrick et al. [@CR11]). It is plausible that the relationship between diet and HCU status is largely driven by factors related to socio-economic position. Socio-economic factors such as income may modify the relative effect of health behaviours, as demonstrated by a change in the magnitude of effect when income was added to health behaviour models. For example, individuals on the HCU trajectory may be less likely to engage in healthy behaviours primarily due to socio-economic constraints. It is important to recognize that the combination of behaviours that make up a healthy lifestyle are multidimensional and influenced by a number of physical, social and environmental stimuli (Peel Public Health [@CR22]). We were unable to capture important components of poor diet such as low fibre, high sodium or trans fats intake in our diet index---it is possible that a more robust measure would yield a significant effect. Alcohol consumption is associated with a number of medical conditions such as cancer, high blood pressure, liver disease and depression (Corrao et al. [@CR9]; U.S. Department of Health and Human Services [@CR33]). It is plausible that individuals on the HCU trajectory previously engaged in alcohol consumption, but perhaps altered their drinking habits to prevent further medical complications (Rosella et al. [@CR28]).

The current findings build on our understanding of how health behaviours can perpetuate future high resource utilization and emphasize that health behaviours are important determinants of future healthcare utilization. In all fully-adjusted models, the negative impact of engaging in multiple risky health behaviours on healthcare utilization was apparent by the clear incremental gradient in HCU status and cumulative number of health behavioural risk factors. Notably, individuals with multiple unhealthy behaviours were the least likely to consult with their general practitioner (Feng et al. [@CR10]), which may exacerbate the HCU trajectory. Our findings underscore the need for an integrated approach to prevention that addresses both behavioural and population-level factors to reduce the likelihood of becoming a future HCU.

Limitations {#Sec13}
-----------

The results of this study highlight the negative implications of upstream risky health behaviours and their role in perpetuating high health resource utilization. Longitudinal analyses using data linkages at the individual level, a large sample size as well as representative population-based surveys are inherent strengths of the study. Nevertheless, there are important limitations that must be acknowledged.

Due to availability of health administrative data during the time period the analysis was being conducted, we accessed data for all health services needed for the costing methodology up to a maximum follow-up period of 4 years from CCHS interview date, and therefore did not capture risk associated with health behaviours over longer periods of time. Furthermore, we are only able to capture health behaviours at a single point in time and thus unable to account for behaviour changes before or after the survey date. Investigating high-cost user trajectories in relation to lifestyle patterns or changes over time requires longitudinal data with repeated measures over time, which is quite limited; however, would be interesting as a future area of study. In addition, we did not use a known gold standard for dietary behaviour (24-h diet recall), which may have caused a dilution of the effects in the event of recall error. Self-reported health behaviour measures may be more subject to social desirability bias, in which participants are less likely to report health behaviours perceived as undesirable. Our findings related to diet and alcohol are consistent with previous studies where self-reported diet and alcohol exposure have broadly resulted in an underestimation of risk (Manuel et al. [@CR18]; Whitford et al. [@CR34]; Shields et al. [@CR30]; Wong et al. [@CR37]; Muggah et al. [@CR20]).

Informal (e.g., family/friend caregiving costs) and formal healthcare operating, capital, individual copayments (e.g., prescription drug), private health insurance arranged services and community-based healthcare expenditures such as ambulatory, ophthalmology and orthopedic care are not included in the costing methodology and thus were not accounted for. While the costing methodology is robust, hospital admission dates may predate CCHS interview dates, and discharge may occur after the costing period specified, thus resulting in underestimated individual costs (e.g., longer length of stay in hospital which began before CCHS interview and extended beyond the costing period).

The CCHS sampling frame includes individuals living in private dwellings only, thus homeless individuals, First Nations people living on reserve, as well as institutionalized individuals were excluded, which obscures our ability to generalize our results to important populations at risk, who may have greater health needs and a higher likelihood of health behaviour risk factors. As a result of the sampling frame, the magnitude of our estimated effects likely underestimate high-cost healthcare utilization associated with population health behaviours to the same extent that CCHS respondents are healthier (Keyes et al. [@CR14]). Furthermore, despite its relevance as a health behaviour, we were unable to examine the impact of sleep, given that information on sleep is only captured in more recent versions of the CCHS. Insufficient sleep has been previously linked to chronic disease, obesity and mental illness, and therefore is an important area for future high health resource utilization research (Liu et al. [@CR16]; Chapman et al. [@CR8]). Last, when multiple comparisons are made by considering a set of statistical inferences simultaneously, there is an increased possibility of a false-positive finding (type 1 error); nevertheless, our findings align with the published literature, thus enhancing confidence in our results (Fitzpatrick et al. [@CR11]; Rosella et al. [@CR28]; Manuel et al. [@CR19]; Manuel et al. [@CR18]; Rothman [@CR29]).

Conclusion {#Sec14}
==========

Our study builds on previous work investigating the association between high healthcare utilization and behavioural factors. Our findings support that, in the short term, smoking status and physical activity are relevant behavioural targets for those on an HCU trajectory. Additionally, our findings suggest that strategies aimed at mitigating high healthcare utilization should consider the dynamic interrelationships between health behaviours and socio-economic position and may consequently require the integration of both individual- and population-level prevention approaches.
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